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glutathione S-transferase (GST)-<n gene is overex- 
"ph'many human cancers and preneoplastic lesions 
0|iated with failure of cancer chemotherapy and 
i§|t survival. Although GST-it overexpression in 
^th^ central nervous system has been observed, the 
nosn^ndVor clinical relevance of this overexpression 
glj&t been investigated. In this study, we analyzed 
Jf^ST-i: expression and its subcellular localization 
^^iiiomas and correlated the results with tumor 
Iptient age, and patient survival. We observed a 
ositr^e correlation between the level of GST-tt ex- 
llllumor grade and between the presence of 
Jpoma cell nuclei and patient age. Univariate and 
E #|Cox regression analyses and Kaplan-Meier 
ftlthe level of GST-tt expression and its nuclear 
p^ljte inversely correlated with patient survival. 
^?for death of patients with high versus low 
^expression was 3.2 (P = 0.0069) by univariate 
f&6 (F = 0.036) by multivariate analysis. The 
kff death associated with the presence of nuclear 
jpa cells was 3.9 (P = 0.0001) by univariate 
'%A (P < 0.0001) by multivariate analysis. These 
J|hat high GST-tt expression in tumor cells and 
l§V the GST-it protein in tumor cell nuclei are 
with clinically more aggressive gliomas and are 
ictors of poor patient survival. 
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INTRODUCTION 

Malignant gliomas are the most common and therapeuti- 
cally least responsive tumors of the central nervous system, and 
there are, generally, no long-term survivors among patients with 
high-grade gliomas (1). Despite efforts to identify structural and 
functional abnormalities in oncogenes, tumor suppressor genes, 
and other cancer- and cell growth-related genes that may be 
involved in the development and progression of gliomas (2), no 
major molecular correlates of glioma progression and/or panent 
survival have, as yet, been identified. For other tumors, how- 
ever a number of genes and proteins have been shown to have 
significant prognostic value. Among these are the genes encod- 
ing the GSTs. 3 ... 

GSTs are a family of dimeric proteins best known for their 
function as phase n enzymes in which they catalyze the conju- 
gation of GSH with electrophilic compounds (3-5). They are 
highly heterogeneous proteins encoded by genes that are struc- 
turally different and are located on different chromosomes (5- 
7) Of the four major classes of human soluble GSTs (a, p., it, 
and 9) identified to date, GST-tt has been most widely associ- 
ated with human cancer (3, 8-10). A large body of evidence 
(11-29) has accumulated over the past decade demonstrating 
GST-tt »ene overexpression to be associated with the early 
stages ofcarcinoaenesis, such as in the liver, the uterine cervix, 
and the stomach, and to be a common feature of many human 
tumors, including brain tumors, malignant melanoma, acute 
leukemia, non-Hodgkin' s lymphoma, and carcinomas of the 
bladder, breast, colon, head and neck, kidney, liver, lung, pan- 
creas, ovary, stomach, testes, and uterine cervix. For several of 
these tumors, little to no expression of the GST-tt protein is 
present in their corresponding normal tissues (19, 30-32). A 
particularly significant and consistent finding in many of these 
studies is that of a strong correlation between high tumor GST-tt 
levels and failure of patients to respond to chemotherapy and 
low patient survival rates (33-42). 

A small number of reports (17, 18. 23. 40) have examined 
the expression of GSTs in human primary brain tumors and 
shown that in malignant gliomas, the predominantly expressed 
GST is of the pi class. In an earlier study (40), we reported that 
elevated GST-tt protein levels correlated with 2-chloroethyliu- 
trosourea resistance in human glioma cell lines. Recently (41), 
our laboratory isolated three closely related, full-length GST-tt 
cDNA variants from \gt 11 libraries of human glioma cells as 
well as the gene of one of these variants. hGST-Pl*C, which is 



'The abbreviations used are: GST, glutathione S-transferase; GSH, 
glutathione; CI, confidence interval. . . 

* H-W Lo and F. Ali-Osman. Genomic cloning and expression in Cos 
1 cells of a variant human tt class glutathione Syn&nst gene 
containing functional retinoic acid response elements. J. Biol. Chem.. in 
press. 
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expressed at a h.gher frequency in gliomas than in normal cells 
and nssues. Together, these findings provide conclusive molec- 
ular evidence that the human CST-tt gene locus is polymorphic 
Despite these advances in our understanding of the molecular 

oeteen ^ S^™' *« -Relationship 

between GST-v gene expression, patient survival, and other 
parameters of prognostic significance in gliomas are unknown 
Thus, the clinical significance of GST-rr overexpression in 
gliomas and its possible bearing on patient survival remain 
undetermined. The goal of this study was to address these 
important issues by determining the level of GST-ir expression 

2tTT Ul r l r liZati0R m ^ hu ™ 8 «omas Zd 
correlate these findings with important clinicopathological pa- 
rameters and patient survival. The results of these analyses 
should help determine whether the level or pattern of GST-tt 
expression has prognostic value in human gliomas 



Table J Distribution of gliomas according to hi SU >lo s i P „ ''Wk 
and level of GST-- expre ssion fM 




Histology 



Glioblastoma multiforme 33 

Anaplastic astrocytoma 13 

Other gliomas 15 
Ail gliomas 



Levelc ^ ST ^p^ 

High Mod^rate~~T^ 



°P - 0.16 by exact x 2 test. 



15 (46%) 
4(31%> 
4 (27% ) 
23 (38% ) 



9(27%) 
7 (54%) 
4 (27%) 
20(33%) 



MATERIALS AND METHODS 

Antibodies, BiochemicaJs, and Other Reagents. Rabbit 
polyclonal antibody against human placental GST-* was ob- 
tiuned from Biotrin, Inc. (Dublin, Ireland) and was tested at 

ouTred f„ ^ ,0 M Ct Cnnine ^ ° PtimUm concentration re- 
JZf f° r i repr0d " C,ble '"""unohistological staining with min- 
imum background staining. Mouse anti-rabbit antibody and 
nommmumzed rabbit IgG were purchased from Becton Dickin- 
son (Palo Alto, CA). The same batch of antibodies we« used 

; ? dy - 1 11 other reagents - un,ess 0the -- «S 

were purchased from Sigma Chemical Co. (St. Louis MO) 
Patients and Tumors. All patients in the study had sur- 

f??**? ° f TeX3S M - ° AnderSOD Cancer Ce "ter. 
Jew Bnl < reCe ' Ved ^ appr0Val ° f 1,16 tostitutional Re- 
teltudy ^ gn ° SiS W6re made inde P endent of 

S P e ~ were processed by fixation for 6-24 h in neutral 
10% formalin and stained with H&E. After histological diag- 
nosis and grading of the tumors by a neuropathologist (J M B) 
additional 4-^m-thick sections were cut from each specimen for 
GST-it staining and coded to conceal patient identity. Upon 
completion of the GST-ir immunocytochemical analyses "toe 
resulu were provided to the biostatistician (K. H.), who ob- 
tamed from patients' hospital records the relevant clinical and 
histolog,cal mformation required for the statistical correlations 
Reference points for survival were the date of surgery, date of 

on of r?;,° r dat ? f ^ TUm ° rS WCre "i^zed into 
one of the following histological groups: glioblastoma multi- 
forme anaplastic astrocytoma and "other" gliomas (astrocyto- 
mas, oligodendrogliomas, and oligo-astrocytomas). Such a cat- 
2™; h3S Sh0Wn P«*«* 'o be prognostically 

ImmunocytochemistryforGST-^T Expression. Immu- 

7Z i t PreV, ° USly (43) With onJ y modifica- 
in Z ? n SeCD ° nS W6re P rewarmed to 60°C, deparaffinized 
in two exchanges of xylene, rinsed in decreasing etiianol con- 
ceptions (100-70%), and rehydrated in PBS S Endogenous 
peroxidase was inactivated with 0.3% H 2 0 2 in methanol, and 
*e slides were mcubated overnight with a polyclonal rabbit 
ana-human GST-* antibody at a 1:500 dilution. The slides were 



nnsed w.th four exchanges of cold (4<Q PBS and inll 

I Tf aV ' <K r 0njUgated m0USe «*»-»««« antibodyS 
nun. After further nsing with cold PBS, as described afel 
shdes were treated with a solution of biotinylated perof 
(Vector Laboratories, Burlingame. CA) and develope! 
0.05% diammobenzidine and 0.01% H,0, in 50 niM Trtf 
buffer (p H 7.5). Nonimmunized rabbit *£ l^M 
negative control for the GST-ir antibod^ and the M ( 
ghoblastoma cell line was used as a positive control 
naming. 

Quantitation of the Level of GST-rr Express!!! 
Evaluate of Its Subcellular Localization. Followilf 
munocytochemical staining, the level of GST-tt expYessll 
each specimen was determined by scoring the stainingl# 
«y of 600 cells (200 cells in each of three different!! 
scopic fields selected randomly at X200). GST-if -staf M 
intensity was assessed as low, moderate, or hi S h, basea^ti 
cytoplasmic staining intensity of 70% or greater ofiltl 
cells. Subcellular GST-ir expression was characterizedlf 1 
presence or absence of GST-* immunoreactivitv in^ 
topbsm and/or nuclei of tumor cells in the same micrti^ 
field evaluated for the level of GST-- expression^ 
GST-ir staining characteristics of other nontumor ceiis#|§ 
reactive astrocytes, endothelial cells, and infiltrating lymfg 
cytes, were noted but not used in the evaluation of « 
expression in the tumors. To validate the immunocytochei 
•cal staining procedure, 22 specimens were random!^ 
Iected and independently evaluated for GST-tt stainingib^ 
neuropathologist and compared with those of the investilP 
performing the overall evaluation. . : $$L 
Statistical Analysis. The relationship between gS 
expression and histology was determined using the KrlM, 
Walhs test (exact version). The presence of nuclear GSTOT 
glioma cells as a function of age was determined by probaBuM 
estimates. The correlation of the level of GST-tt expression « 
of the presence or absence of nuclear GST-t: in glioma c8Usf 
with panent survival was determined by both univariate^ 
mulnvariate analyses, using the Cox proportional hazara regit 5 
am i model (44). Survival estimates were computed and plbt% 
by the Kaplan-Meier method (45). Covariates in the multivaril^ 
analyses were age (continuous) and histolo«v ^ 



Tumors froni;;6Iv 



RESULTS 

Tumor and Patient Characteristics, rumors from oi 
pauents were examined in this study. The distribution of the|,, 
spectmens according to histology is shown in Table I. Tbirt$ 
three (54%) of the 61 specimens were glioblastoma multifont 
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S| ^ a ^^JhTeX " t g kT"' 1: ^ ,0 ^ St ° ma With a Mgh lcveI 0f GST ^ stainin * in bolh cytoplasm and cell nuclei. B, 
^W^e^r^ * GST-ir staining but in which GST-ir is present in the cytoplasm and absent in cell nuclei. C, glioblastoma with a 

»SS t?e Lv o/Ar 10 "' °' ^ u C aStr °f l yl0ma Sh ° Wing " rcaCtiVC " aSlr0C - Vtes With stron § cytoplasmic and negative nuclei GST-n 
® 2 * a | p^ lc the lack of GST - 7; staining m the capillar)' endothelial cells in A and C. 



^^^^were anaplastic astrocytomas, and 15 (25%) were 
S rade > gliomas. Of the 61 patients, 59 were 
^Pl^f?^ and had received no- therapy prior to the 
^^vr^ ; 9?T-' n " expression; the remaining two had recurrent 

^p?t?l?.? nd Heterogeneity of GST-n Staining. GST-tt 
^%pi??-5 ach lumor was categorized as low, moderate, 
^M^^^ ing on wh ether GST-ir immunoreactivity was 
interme diately strong, or very strong. Be- 
^^p|cytGplasm was always positive, regardless of the 
g^J^absence of nuclear GST--, the level of GST-tt 
^W D ^ : ^ baSed on cytoplasmic staining. Fig. 1 shows 
||^p>patterns and the level of heterogeneity of GST-ir 
^A]?,^presentative gliomas. Fig. 1, A and B, both 
rFi^g||v^^ e P re sent tumors with high GST-ir expression. 
: ^fesl|f^ ? liob!asloma with a low level of GST-tt 
S^^^SSf** 1 F ! g * lD shows a Iow -S rade astrocytoma 



The cells of 
the two basic 



patterns of subcellular GST-ir localization observed in gli- 
oma ceils in this study. In Fig. I A. both the cytoplasm and 
nuclei of the tumor cells stained strongly for GST-ir. In 
contrast, in Fig. IB, GST-ir staining was present only in the 
cytoplasm of tumor cells and was absent in cell nuclei. We 
did not observe any tumor in which cell nuclei stained 
positively for GST-ir, whereas the cytoplasm was negative. 
Generally, when both nuclei and cytoplasm were GST-ir 
positive, the two subcellular compartments were similar with 
respect to the intensity of GST-ir staining. In the majority of 
gliomas, the level of tumor cell GST-- immunoreactivity was 
uniform; however, occasionally, a significant degree of in- 
tercellular heterogeneity in GST-ir staining was observed 
within a tumor. Note the negative GST-it staining of the 
capillary endothelial cells in Fig. 1, A and C. Normal nonre- 
active astrocytes, tumor-infiltrating lymphocytes, and areas 
of micro necrosis were also generally negative for GST-it. 
Nuclear GST-ir was always absent in reactive astrocytes, 
even when the cytoplasm was strongly positive (Fig. ID). 
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Table 2 Relationship between level of GST-tt expression in gliomas 
and patient age and histology 



Age (yr) 



GST-tt expression 



All gliomas 
Low 

Moderate 
High 

P (Kruskal-Wallis) = 0.27 
Glioblastoma multiforme 
Low 

Moderate 
High 

P (Kruskal-Wallis) = 0.16 
Anaplastic astrocytoma 
Low 

Moderate 
High 

P (Kruskal-Wallis) = 0.23 
Other gliomas 
Low 

Moderate 
High 

P (Kruskal-Wallis) = 0.78 



Minimum 


Median 


Maximum 


n 


24 


48 






15 


46 


69 


20 


24 


58 


71 
/I 


23 


30 


50 


75 


9 


34 


57 


69 


9 


49 


60 


71 


15 


24 


26 


27 


2 


15 


42 


66 


7 


24 


36 


... 52 


4 


.28 


47 


68 


7 


38 


40 


40 • 


4 


29 


41 


46 


4 



Correlation of GST-tt Expression Level with Tumor 
Histology and Patient Age. The distribution of the histolog- 
ical categories of gliomas according to their level of GST-tt 
expression is illustrated in Table 1. Within the different catego- 
ries, a statistically significant association was observed between 
the proportion of tumors expressing high or low GST-tt and the 
histological grade of the tumor. Thus, of the glioblastomas, 46% 
had high and 27% had low GST-tt expression compared with 31 
and 15%, respectively, of anaplastic astrocytoma and 27 and 
46%, respectively, of "other" gliomas. Among the histological 
categories, however, although the levels of GST-tt staining 
increased with glioma grade, the correlation was not statistically 
significant (P = 0.16). 

■ The results of the statistical analyses of the correlation of 
GST-tt expression with age are shown in Table 2. The median 
ages of patients with high, moderate, and low GST-Tr-express- 
ing tumors was 58, 46, and 48 years, respectively. There was a 
modest trend toward higher GST-tt expression in gliomas of 
older patients; however, the correlation was not statistically 
significant for all glioma patients (/> = 0.27), for patients with 
glioblastoma multiforme (P = 0.16), or for anaplastic astrocy- 
toma patients (P = 0.23). No association was observed between 
the level of GST-tt expression and age in patients with lower 
grade gliomas (P = 0.78). 

Correlation of the Presence of Nuclear GST-tt with 
Tumor Histology and Patient Age. For these correlative 
analyses, gliomas were grouped into one of two categories 
based on whether GST-tt was present (Fig. L4) or absem 
(Fig. IB) in the nuclei of glioma cells. The results (Table 3) 
show a strong correlation (/> = 0.0003) between the level of 
GST-tt expression and the presence of GST-tt in tumor cell 
nuclei. Seventy-four % of gliomas with high GST-tt expres- 
sion were also nuclear GST-tt positive, compared with 55% • 
of tumors with moderate and 11% with low GST-tt levels. 
The correlation between patient age and the presence of 



Table 3 Distribution of gliomas according to nuclear 
expression 



Level of GST-tt expression 
Low 

Moderate 

High 
Histology 

Glioblastoma multiforme 

Anaplastic astrocytoma 

Other gliomas 
Age (yr) 

15-39 

40-49 

50-59 

60^75 



No. {%) of tumors 
with nuclear GST-tt 



18 


2(\\<?c) 


20 


1 1 (55?c) 


23 


17 (749c ) 


33 


18(55%) 


13 


6(46%) 


15 


6 (40%) 


18 


4 (22%) 


12 


6 (50%) 


12 


5 (42%) 


19 


15 (79%) 



OOfjQ 



0.6% 



o.o'p 



* Exact x 2 test. 
c Kruskal-Wallis. 



Table 4 Univariate and multivariate Cox proportional hazarlP 
regression analyses of the relationship between the level of GSf i 
expression in gliomas, presence of GST-tt in glioma cell 
tumor histology, and patient age 
The multivariate model was adjusted for age (continuo^ 
histology and accounted for 51% of variation in survival time - jj 

Relative risk 95% CI 



Univariate analyses 

GST-tt level 
High vs. low 
Moderate vs. low 

Nuclear GST-ir 
Present vj. absent 
Multivariate analyses 

GST-tt level 
High vj. low 
Moderate vs. low 

Nuclear GST-tt 
Present vs. absem 



3.2 
2.6 

3.9 



2.6 
2.4 

4.4 



(L38, 7.5) 
(1.07, 6.3) 



(2.0, 7.6)' <0. 



(1.1,6.2) 
(1.0, 5.9) 

(2.1, 9.2) 



3.000U 



nuclear GST-tt was highly significant, with a P of 0.0024^ , 
Kruskal-Wallis analysis. Seventy-nine % of the rumors:" 
patients aged 60-75 years were nuclear GST-tt poster 
compared to 22% of the tumors of patients between 15 ahafT 
years of age. The median age of glioblastoma patients^!? 
no nuclear GST-tt was 50 years (range, 49-75 years) cojj| 
pared with 65 years (range, 30-69 years) for those vffi&r 
nuclear GST-tt. As shown in Table 3, no statistically s\0\ 
icant correlation was observed between histology and$|> 
presence of nuclear GST-tt in glioma cells (P = 0.63^ 
exact x 2 analysis). " ;;|fp 

Correlation of Tumor GST-tt Expression Level and" 
Nuclear Presence with Patient Survival. Univariate ^ 
multivariate Cox proportional hazard regression models weje| 
used to examine the relationship between the level of GSf|£ 
expression and patient survival. The multivariate analyses weW. 
performed adjusting for histological grade of the tumor ^ 
patient age. The results of these analyses, summarized in Tabl^ 
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H 4: 



Low: N s 18 
Moderate: N = 20 
High: N =23 



Moderate 




High 



p-value = 0.017 



^^XapTalrMeier curves showing the rela- 
^^j^rw|en low, moderate, and high levels 
^|expression in malignant gliomas and 
^pn0 : -a, all glioma patients; b, gMo- 
3^nu1&lf6mie patients. 



10 



20 



30 40 
Follow-up Time (mon) 



50 



60 



70 




Low: N = 9 

Moderate: N = 9 

High: N» 15 



p-value => 0.026 



Low 



Moderate 



1 n" 



High 



10 



■ 

|>|fie,nts with tumors with high (or moderate) 
|||re'"at a significantly higher risk of death than 
^if-TT-expressing tumors. The relative risk of 
ywth high, compared to those with low GST-ir, 
7.5; P = 0.0069) by univariate analysis 
^fepii 6.2; P = 0.036) by multivariate analysis, 
difference in survival was observed when pa- 
erafe and low GST-ir -expressing tumors were 
j^gtive risk of death associated with the pres- 
JST^ was 3;9 (95% CI, 2.0, 7.6; P ^ 0.0001) 
^Ivjjs; and 4.4 (95% CI, 2.1, 9.2; P = 0.0001) by 

^ufvival plots for all 61 patients (Fig. 2a) 
viejge: relationship between the level of GST-ir 
a^ent. survival rate over the first 52 months of 
ffii:7). The difference in survival rates of 



20 30 40 

Follow-up Time (mon) 



50 



60 



patients whose tumors exhibited high or moderate GST-ir ex- 
pression decreased progressively with longer follow-up time. 
Because glioblastoma multiforme has the worst prognosis of 
malignant gliomas, we analyzed the subgroup of glioblastoma 
patients for the correlation between GST-ir expression and 
survival. The results (Fig. 2b) demonstrate a significantly lower 
survival rate for glioblastoma patients with high GST-ir-ex- 
pressing tumors compared to those whose tumors expressed low 
or no GST-ir (P = 0.026). Similar to the data for all 61 patients, 
the differences in survival of glioblastoma patients with differ- 
ent levels of GST-ir expression was highest at the earlier stages 
of follow-up. 

Fig. 3 shows Kaplan-Meier survival plots for the presence 
and absence of nuclear GST-ir for all glioma patients CFig. 3a) 
and for glioblastoma patients (Fig. 36). Patients with GST-ir 
present in the nuclei of their rumor cells had a significantly 
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Fig. 3 Kaplan-Meier curves for the relation- 
ship between the presence and absence of 
nuclear GST-ir in malignant gliomas and pa- 
tient survival, a, all glioma patients; b, glio- 
blastoma multiforme patients. 




Yes: N = 30 
No: N =31 



p-value < 0.0001 
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No: N = 15 



p-value < 0.0O01 
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lower survival rate than patients whose tumor cells were nega- 
tive for nuclear GST-*. For glioblastoma patients, the differ- 
ence in survival was particularly strong during early follow-up. 
At 15 months of follow-up, approximately 92% of patients with 
negative nuclear GST-ir rumors were alive, compared with only 
3% of patients whose tumors were positive for nuclear GST-ir. 

DISCUSSION 

The molecular mechanisms involved in the pathogenesis 
and malignant progression of human gliomas are still not well 
understood, and the most significant prognostic indicators in this 
disease remain the pathological and clinical parameters of his- 
tology, patient age, and Karnofsky" score. There is thus a con- 
tinuing urgent need for research aimed at identifying genes and 



gene products whose structural and functional alterations^ 
involved in detennining and maintaining the malignant; pne 
type and which determine therapeutic responsiveness. pf? 
mas. Such knowledge will not only enhance diagnosi^^ 
prognosis in this disease but could also provide novel target 
the development of new and more effective and specific jAjer 
pies. The present study extends our earlier obsei^atibh'lpfr 
correlation between the level of GST-ir expression an$|| 
degree of 2-chloroetJiylnitrosourea resistance in glioma^ 
lines (40). The level of GST-ir expression and its sub&U§p 
localization were analyzed in tumors of 61 glioma patientS;ian£ 
the results correlated with glioma histology, patient age^im 
patient survival. Univariate and multivariate analyses demr" 
strated a significant inverse relationship between the l e ^^ 
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.^expression and its presence in glioma cell nuclei with 
^Survival. Kaplan-Meier analyses showed that glioma 
D&%ith high or moderate GST-Tr-expressing tumors had a 
^intiy lower survival rate than those with low GST-tt- 
if tumors. The correlation between the level of GST-tt 
feslionjahd survival was most dramatic during the early 
oYrfoliow-up but decreased in the later stages of follow- 
^|8lmpnths, 62% of all patients with low GST-ir expres- 
^eir.tumors were alive compared to 21% of those whose 
^expressed high GST-it levels. The multivariate Cox 
^nlniodel showed that, when adjusted for age and his- 
€t^'oTwell-established correlates of patient survival in 
a^ah^ omitting nuclear GST-tt, patients whose tumors 
: fffiigh GST-tt had an almost 3-fold higher relative risk 
JKcompared to those with tumors with a low level of 
^rjexplession. The strong association between high GST-tt 
ss]pn?ahd poor patient survival observed in this study for 
ialso been reported previously for other human 

Jll£9). 

?OTe:correlation between the level of GST-tt expression and 
'^^^as significant within the histological categories 
SBlajtbSa, multiforme, anaplastic astrocytoma, and low- 
ej?ghomas) but not significant when examined across the 
Hp^gical "groups. The proportion of tumors with high GST-tt 
*essibn'^^ -highest in glioblastoma multiforme and lowest 
^gradbyghomas. Conversely, the highest and lowest pro- 
;n|'§fcrumors with low GST-tt expression were observed 
g^&^g^ade gliomas and glioblastoma multiforme, respec- 
™ i^jpsitiye association of the level of GST-tt expression 
jt^ogical grade of gliomas is consistent with the obser- 



yinariy other human cancers (11-26). A notable ex- 
^S;|^vprostate, in which GST-tt gene expression has 
J|^3P}^ c rease with malignancy, a result of 5-methyl 
? ^|fl|i|Jation of a CpG dinucleotide at the BssHH site in 
Stream of the GST-tt gene promoter (46). 
" ^significant finding of the present study was the 
^correlation observed between the presence of 
[^.staining and poor patient survival. Patients 
^expressed nuclear GST-tt had a 4-fold higher 
pjdeath when compared with patients whose tu- 
^nuclear GST-tt. This observation suggests that 
j|pf£ localization in glioma cells is a strong prognos- 
^T^^pr. this disease and is associated with a more 
^||^ioma biology. The presence of nuclear GST-tt in 
"i^l^ot unique to gliomas and has also been reported 
pother tumors (13, 32, 60). To our knowledge, 
is. the first study that examines the statistical 
tween nuclear GST-tt and patient survival or 

^ppsitive trend was observed between patient age 
f||M ; QST-Tr expression. The relatively high median 
inpatients- in this study may have precluded the . 
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age-relatedness of GST-tt expression. Over- 
— M^^i^ ults are similar to those in a previous study 
sJ^^Sj^C^ 351 cancer in which a stronger correlation 
P servA |^^yeen the level of GST-tt expression and pa- 
g^n 'with patient age (26). Interestingly, we ob- 
' .correlation between nuclear GST-tt and patient 
of tumors with GST-rr-positive cell nuclei 



increased with increasing age of the patients, from 22% in the 
age range of 15-39 years to 79% in the age range of 60-75 
years. 

Despite the significant, inverse correlation between the 
level of GST-tt expression and patient survival observed in this 
study, the role that the GST-tt gene and its encoded protein play 
in malignant progression of gliomas is unclear. The best known 
function of the GST-tt protein is that of catalysis of the conju- 
gation of GSH with electrophiles, including carcinogens and 
alkylating anticancer agents (3-5), resulting in a reduction in the 
ability of these agents to react with DNA and other cellular 
macromolecules. In normal cells and tissues, the GST-catalyzed 
5-conjugation of DNA-damaging agents with GSH protects the 
cellular genome and decreases mutational rates and malignant 
transformation caused by these agents (6). In rumor cells, on the 
other hand, this process leads to decreased toxicity of anticancer 
agents, resulting in drug resistance and therapeutic failure. Al- 
though the GST-catalyzed conjugation/inactivation of electro- 
philes with GSH could account for the cancer preventive func- 
tion of GSTs and explain their role in tumor drug resistance, 
such a process does not adequately explain the observed asso- 
ciation of GST-tt overexpression with higher grade tumors, 
disease progression, and/or decreased patient survival. These 
observations indicate that the GST-tt gene and its products may 
be involved in tumor progression by as-yet-unidentified mech- 
anisms. This may be related to the fact that the GST-tt gene is 
clustered with several cancer-related genes and proto-onco- 
genes, including, bcll/cyclin Dl, int2, hstfl, menl, and sea (47), 
in a metastable region of chromosome llql3. Abnormalities of 
this chromosomal region and the genes located in it, including 
rearrangements, translocations, coarnplification, and aberrant 
expression, have been reported in a variety of human tumors 
(48 -54). A number of these genes are also involved in cell cycle 
and cell growth regulation, and, thus, abnormalities in them 
could result in a deregulated cell cycle and altered cell growth, 
common features of malignant glioma cells. It remains to be 
determined whether altered or aberrant expression of the GST-tt 
gene, either alone or in concert with alterations in some of these 
genes, may be involved in the growth and malignant progression 
of human glioma cells. 

The presence of nuclear GST in tumor cells has potential 
implications for therapy in light of previous studies that dem- 
onstrated the existence of a distinct nuclear GSH pool in the 
cells of some tumors and cell lines (55). It is well established 
that GSH not only reacts directly with electrophilic anticancer 
agents, including cisplatin (56) and ifosphamide (57), but that it 
can also quench DNA cross-link precursors of cisplatin (58) and 
2-chloroethylnitrosoureas (59) and possibly other bifunctional 
anticancer agents. This suggests that in cells with nuclear GST, 
catalysis of the reactions of GSH with DNA mohoadducts of the 
agents could result in a high level of protection of the genome 
from damage. Nuclear GST-ir-containing tumors will thus be 
more resistant to therapy with bifunctional alkylators than those 
without nuclear GST, as has been suggested for neuroblastoma 
(60). Further studies are, however, needed to determine whether 
the presence or absence of nuclear GST-tt actually contributes 
to differential drug sensitivity in human gliomas. In light of our 
recent finding of allelic polymorphism in the human GST-tt 
gene locus and the evidence that the different GST-tt genes 
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encode functionally different GST-ir proteins, it would be in- 
teresting, in future studies, to examine whether the GSTn 
genotype and GST-ir phenotype has any correlation with his- 
tology, response to therapy, and/or patient survival. It would 
also be important to clarify, at the molecular level, the mecha- 
nisms involved in the overexpression of the GST-t: gene in 
human gliomas and in the translocation of the GST-ir protein 
into the nuclei of glioma cells, as well as whether down- 
regulation of the GST-TT gene in glioma cells will alter their 
malignant behavior. The results of such studies will provide 
important insights into the role of the GST-ir gene in the 
malignant process in gliomas and provide novel therapeutic 
approaches for this disease. 
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